In humans, depression is often associated with low-grade inflammation, activation of the tryptophan/kynurenine pathway, and mild lymphopenia. Preclinical research confirms that inflammation induces depression-like behavior through activation of the tryptophan/kynurenine pathway. However, the mechanisms governing recovery from depression are unknown. Understanding the pathways leading to resolution of depression will likely lead to identification of novel targets for treatment. We investigated the contribution of T lymphocytes to the resolution of lipopolysaccharide-induced depression-like behavior. Duration of depression-like behavior was markedly prolonged in mice without mature T or B lymphocytes (Rag1 −/− mice). This prolonged depression-like behavior was associated with persistent upregulation of the tryptophan-metabolizing enzyme indoleamine-2,3-dioxygenase (Ido)1 in the prefrontal cortex (PFC). Reconstitution of Rag1 −/− mice with T lymphocytes normalized resolution of depression-like behavior and expression of Ido1 in the PFC. During resolution of inflammation-induced depression-like behavior, T lymphocytes accumulated in the meninges and were required for induction of interleukin (IL)-10 in the meninges and the PFC. Inhibition of IL-10 signaling by nasal administration of neutralizing anti-IL-10 antibody to WT mice led to persistent upregulation of Ido1 in the PFC and prolonged depression-like behavior. Conversely, nasal administration of recombinant IL-10 in Rag1 −/− mice normalized Ido1 expression and resolution of depression-like behavior. In conclusion, the present data show for the first time that resolution of inflammationinduced depression is an active process requiring T lymphocytes acting via an IL-10-dependent pathway to decrease Ido1 expression in the brain. We propose that targeting the T lymphocyte/IL-10 resolution pathway could represent a novel approach to promote recovery from major depressive disorder.
INTRODUCTION
According to the World Health Organization,~350 million people suffer from major depressive disorder (MDD), and 76 million years are lost to disability worldwide owing to depression [1] . The treatment of MDD remains a major challenge, and antidepressant drugs are effective in only half of patients [2] . We propose that understanding the mechanism of spontaneous resolution of inflammation-induced depression can lead to development of more effective drugs to treat depression related to inflammation.
MDD is often associated with alterations in the immune system, including increased circulating levels of biomarkers of inflammation [3, 4] , reduced blood lymphocyte counts, and reduced proliferative responses of lymphocytes to mitogens [5] [6] [7] [8] . Inflammatory mediators induce depression in patients treated with recombinant cytokines. Administration of interferon (IFN)-α and interleukin (IL)-2, to treat hepatitis C virus infection [9] or cancer, is associated with development of depressive symptoms [10] . In these patients, development of depressive symptoms associated with a reduced level of circulating tryptophan [11] . Tryptophan is metabolized into kynurenine by the cytokineinducible enzyme indoleamine 2,3-dioxygenase (IDO)1. A positive correlation between circulating IDO1 enzymatic activity and depression scores was found in patients with mastocytosis [12] . Higher IDO1 enzymatic activity was also observed in suicidal adolescents with MDD [13] . Moreover, several studies report positive associations between depressive symptoms and plasma or cerebrospinal fluid concentrations of the neurotoxic kynurenine pathway metabolite quinolinic acid [14] .
The mechanisms that mediate development of symptoms of depression in response to inflammation have been studied extensively at the preclinical level [15] [16] [17] [18] . In rodents, transient depression-like behavior can be induced by administration of lipopolysaccharide (LPS) [15, 16, 19] . LPS-treated mice first develop sickness behavior characterized by reductions in body weight, food intake, and locomotor activity that resolves after 14-18 h and results from the production of proinflammatory cytokines at the periphery and in the brain [15] . This transient episode of sickness behavior is followed by a phase of depression-like behavior, evidenced as increased immobility in the forced swim test (FST) and tail-suspension test (TST). Proinflammatory cytokines such as IFN-γ, tumor necrosis factor (TNF)-α, and IL-1β [20, 21] increase the expression of Ido1, thereby activating the kynurenine pathway resulting in depression-like behavior. IDO1 activity is necessary for LPS-induced depression-like behavior but not for sickness behavior in response to LPS [16, 22] . Spontaneous resolution of LPS-induced depression-like behavior occurs after 1 day [15, 23] , but the mechanisms governing this resolution are unknown.
The contribution of innate immunity to depression has been well investigated. However, much less is known about the role of adaptive immunity. T lymphocytes have been reported to survey the brain from the meninges and contribute to central nervous system homeostasis [24] . T lymphocytes regulate social interactions [25] , cognitive functions [26] , stress resilience [27] [28] [29] , and neuronal repair in different nerve-injury models [30] [31] [32] [33] . However, it is not known how resolution of inflammation-induced depression is regulated. One possibility is that T lymphocytes induced an anti-inflammatory response [28] . Here we investigated the possible role of T lymphocytes and IL-10 signaling in the resolution of inflammation-induced depression-like behavior in a mouse model.
MATERIALS AND METHODS

Animals
Male (10-14 weeks old) wild-type (WT), Rag1 −/− (no mature T and B cells) [34] , and Il10 −/− mice on a C57BL/6J genetic background (Jackson Laboratory, Bar Harbor, ME) were housed and bred at The University of Texas MD Anderson Cancer Center. All procedures were approved by the Institutional Animal Care and Use Committee.
Peripheral inflammation was induced with LPS (serotype 0127: B8; cat#L3129, Sigma-Aldrich, St Louis, USA) 0.83 mg/kg intraperitoneally [19, 35] . Sickness was quantified by measuring food intake, locomotor activity, and body-weight loss. Depression-like behavior was assessed by measuring duration of immobility in the FST and TST (Supplementary Information).
Adoptive T lymphocyte transfer with CD3 + T lymphocytes (8 × 10 6 in 100 µL 0.1% bovine serum albumin/phosphate-buffered saline (PBS) (w/v) into the tail vein) isolated using negative selection kit II (#130-095-130; Miltenyi Biotec Inc, San Diego, CA, USA) was performed 1 week before LPS injection, as described [36] . Control mice received vehicle.
Nasal administration of neutralizing anti-IL-10 antibody and recombinant IL-10 Thirty min before antibody or recombinant IL-10 fusion of human IL-10 and human IL-4 connected via a linker sequence to increase its stability [36] [37] [38] , A concentration of 3 µl of hyaluronidase (total 100 U; Sigma-Aldrich) in PBS was delivered to each nostril [39] . and reconstituted Rag1 −/− mice (n = 8 mice/group) 24 h and 72 h after injection of LPS. Two-way ANOVA followed by Bonferroni's correction (time × treatment interaction F(3,56) = 4.09, P = 0.011). c The tail-suspension test (TST) was performed in WT and Rag1 −/− mice at 24 h postinjection (n = 7 mice/group). Two-way ANOVA followed by Bonferroni's correction (LPS effect F(1,24) = 45.1, P = 0.0001). d TST in WT, Rag1 −/− and reconstituted Rag1 −/− mice (n = 6 mice/group) at 72 h after injection of LPS. One-way ANOVA followed by Bonferroni's correction (F(4,25) = 6.49, P = 0.001). e Body weight, (f) food intake, and (g) spontaneous locomotor activity were monitored after injection of PBS or LPS (n = 8 mice/group). The data are presented as mean ± standard error of the mean. **P < 0.01, *P < 0.05 Four doses of 3 µl immunoglobulin (Ig)G or anti-IL-10 (#l5145 produced in goat; Sigma-Aldrich), 1 µg/µl in PBS, total 12 µg/ mouse/day, were administered to the nostrils daily from day 0 to day 3. The nasal route of administration has been used before for antibodies [40, 41] . Six µg of recombinant IL-10 was injected intranasally at 2 days and 3 days after LPS injection. PBS was used as control.
Quantitative reverse-transcription polymerase chain reaction Mice were euthanized by CO 2 exposure and transcardially perfused with ice-cold PBS; tissues were snap-frozen in liquid nitrogen. Meninges were collected as described by Louveau et al [42] . (Supplementary information). Quantitative reversetranscription polymerase chain reaction (qRT-PCR) Taqman was used to measure mRNA levels (supplementary information).
Staining
The whole meninges were mounted and stained with DAPI and rat anti-mouse anti-CD3 antibody (eBioscience #14-0032-85, dilution 1:1000) and then incubated with secondary antibody goat anti-rat (Alexa-488, Invitrogen, dilution 1:500). Statistical analysis Differences in behavioral activity and mRNA expression levels were assessed by Student's t test, one-way or repeated-measure two-way ANOVA followed by Bonferroni correction for multiple tests, depending on experimental design. Significance was indicated as***P < 0.001, **P < 0.01, *P < 0.05.
RESULTS
Contribution of T lymphocytes to LPS-induced depression-like behavior
To evaluate the contribution of T lymphocytes to depression-like behavior, we compared the course of the LPS-induced increase in mice (n = 8 mice/group). One-way ANOVA followed by Bonferroni's multiple correction test (F(5,42) = 6.86, P = 0.0001). f Il10 mRNA level in the PFC 24 h after injection in WT and Rag1 −/− mice (n = 7 mice/group). Two-way ANOVA followed by Bonferroni's multiple correction test (genotype × LPS interaction F(1,21) = 0.06, p = 0.81). g Anti-inflammatory cytokine expression in the PFC 72 h post-LPS (n = 6-8 mice/group). Data are normalized to expression levels in the PBS group. The gene Aif1 encodes IBA1. The data are presented as mean ± standard error of the mean. ***P < 0.001, **P < 0.01, *P < 0.05 immobility in the FST between WT mice and Rag1 −/− mice, which lack mature T and B lymphocytes. At 24 h after LPS injection, the increase in immobility in the FST was similar in WT and Rag1 −/− mice (Fig. 1a) . At 72 h after LPS, WT mice had fully recovered, but Rag1 −/− mice still showed increased immobility in the FST, indicating that resolution of depression-like behavior is impaired in the absence of T and B lymphocytes (Fig. 1a) . To determine whether T lymphocytes are required and sufficient for resolution of depression-like behavior, CD3 + T lymphocytes isolated from the spleens of WT mice were adoptively transferred to Rag1 −/− mice 1 week before LPS injection. Reconstitution of Rag1 −/− mice with T lymphocytes normalized the resolution of depression-like behavior; as shown by a return to baseline levels of the immobility time in the FST 72 h post-LPS (Fig. 1b) . Reconstitution of Rag1 −/− mice with CD3 + T lymphocytes did not affect behavior in the FST in the PBS-treated mice at 24 or 72 h or in the LPS-treated mice at 24 h (Fig. 1b) . In separate cohorts of mice, we obtained similar results when using the TST as a measure of depression-like behavior; at 24 h the increase in immobility in the TST was similar in WT and Rag1 −/− mice (Fig. 1c) . At 72 h after LPS, Rag1 −/− mice showed increased immobility in the TST while WT and reconstituted Rag1 −/− mice did not show evidence of depression-like behavior at this time point (Fig. 1d) . These data indicate that CD3 + T lymphocytes are crucial for resolution of LPS-induced depression-like behavior but do not contribute to its onset and severity.
There were no differences in the course of LPS-induced reductions in body weight, food intake, and spontaneous locomotor activity between WT mice, Rag1 −/− mice, and Rag1 Contribution of T lymphocytes to normalization of Ido1 expression in the prefrontal cortex The tryptophan-metabolizing enzyme IDO1 is necessary for LPSinduced depression-like behavior [22] . We determined whether the prolongation of depression-like behavior observed in T lymphocyte-deficient mice was associated with prolonged upregulation of brain Ido1. In the prefrontal cortex (PFC) of Rag1 −/− mice, Ido1 levels were still upregulated 72 h post-LPS, whereas Ido1 levels had returned to basal levels in WT mice and in Rag1 −/− mice reconstituted with T lymphocytes (Fig. 2a) . Importantly, 24 h post-LPS, Ido1 mRNA levels in the PFC were similar in WT and Rag1 −/− mice (Fig. 2b) . In contrast, at 72 h post-LPS, Ido1 mRNA in the hippocampus of WT and Rag1 −/− mice had returned to baseline levels ( Figure S3A ). These data indicate that T lymphocytes are required for normalization of both Ido1 expression in the PFC and resolution of depressionlike behavior.
Contribution of T lymphocytes to cytokine expression Glial-cell activation and increased production of proinflammatory cytokines in the brain contribute to Ido1 upregulation [43] . We investigated whether the T lymphocyte-dependent normalization + T lymphocytes in the 3 sinus of the meninges 24 h after LPS (n = 4 mice/group). T test (df = 6, p = 0.03). The data are presented as mean ± standard error of the mean. ***P < 0.001, **P < 0.01, *P < 0.05 of Ido1 in the PFC and resolution of depression-like behavior were associated with normalization of markers of glial activity and cytokine production in the PFC. At 24 h post-LPS, upregulation of glial activation markers Gfap and Aif3 (encoding Iba1) or proinflammatory cytokines such as Ifng, Il1b and Tnf, did not differ between WT mice and Rag1 −/− mice (Fig. 2c) . At 72 h post-LPS, Ifng, Il1b, Gfap and Aif1 expression in the PFC were upregulated similarly in WT mice and Rag1 −/− mice with or without T lymphocyte reconstitution (Fig. 2d) . Tnf expression in the PFC was not increased at this time point. These data indicate that the prolonged depression-like behavior and upregulation of Ido1 mRNA in the PFC of LPS-treated Rag1 −/− mice did not result from an exaggerated acute and/or a prolonged increase in glial activation or in expression of proinflammatory cytokines.
Next, we examined the expression of anti-inflammatory cytokines and brain-derived neurotrophic factor (BDNF) in the PFC. At 72 h after LPS, expression of Il10 was upregulated in WT mice but not in the PFC of Rag1 −/− mice. Interestingly, reconstitution of Rag1 −/− mice with T lymphocytes restored the upregulation of Il10 expression 72 h after LPS (Fig. 2e) . Interestingly, Il10 mRNA is upregulated in both WT and Rag1 −/− mice at 24 h (Fig. 2f) . At 72 h post-LPS, Tgfb, Il4, and Bdnf mRNA levels were similar to baseline levels in WT, Rag1 −/− , and reconstituted Rag1 −/− mice (Fig. 2g) . The expression patterns of these antiinflammatory cytokines were similar in the hippocampus ( Figure S3B ).
In the liver, expressions of proinflammatory and antiinflammatory cytokines were similar in all LPS-treated groups at 72 h post-LPS, indicating that peripheral inflammation is not dependent on T lymphocytes (Supplementary Figure S3C) .
Contribution of T lymphocytes to the upregulation of IL-10 during resolution of depression-like behavior
To determine whether T lymphocytes are the source of the increase in Il10 in the PFC 72 h after LPS, we first determined whether Cd3 mRNA increases in the PFC during resolution of LPSinduced depression-like behavior. LPS did not alter Cd3 levels in the PFC and the hippocampus (Fig. 3a, b) . However, LPS induced a significant increase in the expression of Cd3 in the meninges 24 h post-LPS in WT mice. Meningeal Cd3 levels had returned to baseline 72 h post-LPS (Fig. 3c) . Immunofluorescence analysis of whole mounted meninges confirmed accumulation of CD3 + T lymphocytes in the meninges at 24 h after LPS. (Fig. 3d-f) .
LPS increased meningeal Il10 expression in WT and reconstituted Rag1 −/− mice 72 h post-LPS (Fig. 4a) . However, T lymphocytes are not the source of the IL-10 because the transfer of Il10 −/− T lymphocytes normalized the resolution of depressionlike behavior similarly to the way WT T lymphocytes did (Fig. 4b) . Moreover, the lack of Il10 in the T lymphocytes did not impair normalization of Ido1 expression nor the upregulation of Il10 mRNA in the PFC 72 h post-LPS (Fig. 4c, d) . WT or Il10 −/− T lymphocytes did not alter onset of depression-like behavior or onset and resolution of the sickness response (Supplementary Figure S4A-C) .
Contribution of IL-10 to normalization of Ido1 expression and depression-like behavior Upregulation of Il10 during resolution of LPS-induced depressionlike behavior was more pronounced in the meninges than in the PFC (Fig. 5a) . To investigate whether endogenous IL-10 signaling is necessary for resolution of LPS-induced depression-like behavior, 
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we administered a neutralizing anti-IL-10 antibody intranasally to WT mice treated with LPS or PBS. The anti-IL-10 antibody prolonged the LPS-induced increase in immobility in the FST and the TST in WT mice (Fig. 5b, c) . Nasal anti-IL-10 antibody administration also prolonged Ido1 upregulation in the PFC. Interestingly, anti-IL-10 antibody blocked the induction of Il10 in the PFC as well (Fig. 5d) . Nasal administration of anti-IL-10 antibody did not affect cytokine and Ido1 expression in the liver (Supplementary Figure S5A, B) , did not affect onset and resolution of sickness behavior (Supplementary Figure S5C) , and did not interfere with immobility in the FST as measured 24 h post-LPS (Fig. 5b) . Our findings suggested that brain IL-10 may mediate the T lymphocyte-dependent normalization of Ido1 expression in the PFC after LPS. Therefore, we first tested the capacity of recombinant IL-10 to regulate Ido1 expression in vitro. BV2 microglial cells were cultured with IFN-γ to induce Ido1 expression in the presence or absence of IL-10. Administration of IL-10 significantly suppressed the IFN-γ-induced increase in Ido1 expression (Fig. 5e) . Next, we investigated whether nasal administration of recombinant IL-10 promotes resolution of depression-like behavior in the absence of T cells. Rag1 −/− mice were intranasally injected with recombinant IL-10 or PBS on day 2 and 3 after LPS. IL-10 injection induced resolution of LPS-induced increase in immobility in the FST (Fig. 5f ). Nasal administration of IL-10 downregulated Ido1 mRNA in the PFC (Fig. 5g) . Nasal administration of IL-10 did not affect sickness behavior in response to LPS (Supplementary Figure S5D) . Taken together, . Two-way ANOVA followed by Bonferroni's correction (tissue × treatment interaction, F(1,17) = 51.5, P < 0.0001). b The FST was performed 24 h and 72 h postinjection in WT mice after nasal administration of neutralizing anti-IL-10 antibody or immunoglobulin (Ig)G (n = 7 mice/group). Two-way ANOVA followed by Bonferroni's correction (treatment, F(2,18) = 7.52, P = 0.004). c The TST was performed at 72 h post-LPS after nasal administration of anti-IL-10 (n = 7 mice per group). One-way ANOVA followed by Bonferroni's correction (F(2, 18) = 6.42, P = 0.008). d Il10 and Ido1 mRNA levels in the PFC 72 h post-LPS in WT mice after nasal administration of anti-IL-10 antibody or IgG (n = 7 mice per group). Two-way ANOVA followed by Bonferroni's correction (tissue × treatment interaction, F(2,18) = 4.75, P = 0.02). e Ido1 mRNA level in BV2 cells 6 h after treatment with recombinant interferon (rIFN)-γ in the presence or absence of recombinant interleukin (IL)-10 fusion protein (n = 5 per group). One-way ANOVA followed by Bonferroni's correction (F(2, 12) = 20.8, P = 0.0001). f FST was performed 24 h and 72 h post-injection in Rag1
−/− mice (n = 7 mice per group) after nasal injection of recombinant IL-10 or PBS. Two-way ANOVA followed by Bonferroni's correction (treatment, F(2,18) = 28.5, P < 0.0001). g Ido1 mRNA levels in the PFC of Rag1 −/− mice 72 h post-LPS after nasal injection of recombinant IL-10 (n = 7 mice/ group). One-way ANOVA followed by Bonferroni's correction (F(2, 15) = 14.6, P = 0.0003). The data are presented as mean ± standard error of the mean. ***P < 0.001, **P < 0.01, *P < 0.05 these data indicate that resolution of LPS-induced depression and normalization of brain Ido1 depends on brain IL-10 signaling.
DISCUSSION
Our study is the first to demonstrate that resolution of inflammation-induced depression-like behavior requires activation of an endogenous resolution pathway that critically depends on T lymphocytes and IL-10 signaling in the meninges and/or brain. T lymphocyte-dependent IL-10 signaling suppresses PFC Ido1 expression to resolve depression-like behavior. IL-10 is the main effector downstream of T lymphocytes as IL-10 alone is sufficient to normalize the resolution of depression-like behavior and Ido1 expression in the absence of T lymphocytes. However, T lymphocytes are not the source of the IL-10. We propose that T lymphocytes accumulate in the meninges prior resolution to promote IL-10 production in the meninges and induce a long lasting increase in IL-10 in the PFC, leading to suppression of Ido1 expression in the PFC and subsequent resolution of inflammationinduced depression.
T lymphocytes also play a crucial modulatory role in social behavior, cognitive functioning, and stress resilience [25] [26] [27] [28] 44] . For example, adoptive transfer of lymphocytes from stressed mice protects against stress-induced depression-like behavior in naïve Rag2 −/− mice, indicating a role for lymphocytes in stress resilience [28] . Our current findings add to the notion that T lymphocytes play an essential role in depression-like behavior. Moreover, the involvement of T lymphocytes in resolution mechanisms is not restricted to depression, but also applies to pain. We have shown that resolution of chemotherapy-induced neuropathic pain is delayed in mice deficient in T lymphocytes or IL-10 signaling [36] . These findings suggest that pain and depression share T lymphocyte-dependent endogenous resolution pathways. Deficiencies in T lymphocyte function and IL-10 production may underlie the high comorbidity of pain and depression [35, 45] .
Although T lymphocytes are required for resolution of depression-like behavior, they do not contribute to the onset and resolution of sickness behavior (weight loss, reduced food intake, reduced locomotor activity) that is driven by proinflammatory cytokines independently of IDO1 activation. Consistently, LPS-induced changes in proinflammatory cytokine expression in the PFC at 24 and 72 h after LPS are independent of T lymphocytes. In addition, the presence of T lymphocytes does not influence LPS-induced cytokine production in the liver. These data are in line with previous reports showing that LPS injection increased brain and peripheral proinflammatory cytokines in WT, Rag1 −/− , and Rag2 −/− mice in the same manner [46, 47] . Therefore, we propose that T lymphocytes promote resolution of depression-like behavior via a pathway that is independent of regulation of peripheral or central proinflammatory cytokine production.
IL-10 can be produced by multiple cell types in brain and meninges including endothelial cells, astrocytes, neurons, microglia, T lymphocytes, and macrophages. Although we show here that T lymphocytes are required for induction of IL-10 in meninges and the PFC, they are not the source of the IL-10. Interestingly, in models of neuropathic pain [36] , spinal cord injury [48] , and facial axotomy [33] , the neuroprotective effects of T lymphocytes are also mediated via IL-10, while this IL-10 is not produced by the T lymphocytes. Collectively, our findings indicate that T lymphocytes in the meninges induce Il10 mRNA expression by other cells, such as macrophages in the meninges and glial cells in the PFC [49] . In support of this meninges to brain communication model, others has been shown meningeal cells can release cytokines to induce IL-10 production by glial cells in response to peripheral inflammation [50, 51] .
Notably, nasal administration of anti-IL-10 not only prevented resolution of depression-like behavior but also counteracted the upregulation of Il10 mRNA in the PFC. IgG antibodies do not cross the intact blood-brain interface, making it unlikely that the anti-IL-10 antibody acted within the PFC. These findings may imply that the meningeal IL-10 signal propagates to the brain via an unknown mechanism that leads to increased Il10 mRNA expression in the PFC. Alternatively, T lymphocytes may serve to induce IL-10 production by the macrophages in the meninges. These macrophages could subsequently penetrate the brain parenchyma [52] . Interestingly, IL-10 produced by peripheral macrophages is necessary for resolution of inflammatory pain [53] . It is also possible that T lymphocytes induce perivascular macrophages to produce IL-10. Future studies should aim at identifying the exact cellular source of the IL-10 required for resolution of depression-like behavior.
IDO1 activity is critical to the development of inflammationinduced depression-like behavior [16, 20] . Induction of Ido1 during onset of depression depends on proinflammatory cytokines like IFN-γ [20] . Our data show that Ifng is still upregulated at the time point when Ido1 expression has normalized in both WT mice and Rag1 −/− mice reconstituted with T lymphocytes. We show here for the first time that IL-10 signaling downregulates Ido1 expression during resolution of depression without affecting Ifng expression. In vitro, IL-10 inhibits Ido1 expression by microglia even in the presence of IFN-γ. Similarly, in vivo, administration of IL-10 to Rag1 −/− mice reduces Ido1 expression. Collectively, our findings indicate that IL-10 inhibits IFN-γ receptor signalinginduced upregulation of Ido1. Indeed, IL-10 inhibits IFN-γ receptor signaling through activation of suppressor of cytokine signaling (SOCS3) [54] .
The potential clinical relevance of the present findings is supported by a recent case-control whole-blood microarray study showed that MDD is associated with downregulation of genes related to T lymphocyte function and adaptive immunity [55] . Moreover, mild lymphopenia is a common observation in patients with MDD [5] [6] [7] [8] . In addition, patients with MDD have lower levels of circulating IL-10 [56] , and a genetic predisposition to produce less IL-10 is associated with a higher risk for depressive symptoms [57] . Taken together, these findings indicate that reduced T lymphocyte numbers/function and lower IL-10 production in patients with MDD may contribute to the disorder because of an impaired resolution.
In conclusion, the results of our experiments based on model of inflammation-induced depression-like behavior demonstrate that resolution of depression-like behavior is an active process that requires T lymphocytes and downstream induction of IL-10 signaling in the brain. We propose that a reduced capacity to induce IL-10 by T lymphocytes in the meninges negatively impacts the capacity to resolve depression and may ultimately contribute to MDD. Our findings also indicate that inhibition of proinflammatory cytokine signaling may not be sufficient to treat MDD. In contrast, we propose that promoting IL-10 signaling should be considered as a novel, efficacious therapeutic strategy to promote resolution of depression.
